e performed a retrospective review of 27 scoliotic patients with syringomyelia using MRI. Their mean age at the first MRI examination was 10.9 years, and at the final review 15.8 years. The mean ratio of the diameter of the syrinx to the cord on the midsagittal MRI (S/C ratio) decreased from 0.49 to 0.24; 14 patients showed a decrease of 50% or more (reduction group). In this reduction group, the cerebellar tonsillar herniation decreased from a mean of 11.3 mm to 6.0 mm, and some improvement in dissociated sensory disturbance was seen in nine of 13 patients. The scoliosis improved by 5° or more in six patients in the reduction group. Our results indicate that spontaneous shrinkage of syringomyelia in children is not unusual and is associated with improvement in the tonsillar herniation, the scoliosis and the neurological deficit.
A number of children with syringomyelia present with spinal deformity because the disease is associated with few subjective symptoms. The advent of MRI has shown that some patients who have been treated as if they have idiopathic scoliosis have syringomyelia. [1] [2] [3] [4] [5] The natural history of syringomyelia has not been clearly established. In recent years, the possibility of spontaneous reduction or disappearance of the syrinx has been suggested. [6] [7] [8] Our aim therefore was to clarify the natural history of syringomyelia in relation to the clinical and radiological changes.
Patients and Methods
We selected 27 patients from those being followed up for scoliosis complicated by syringomyelia in whom MRI had been performed more than twice since 1989, and who had been reviewed for more than two years (Table I ). There were 13 men and 14 women in this retrospective study. MRI carried out before 1989 was excluded due to lack of precision of the images. In those patients who had surgery for syringomyelia or scoliosis, only the preoperative course was examined in order to observe the natural history of the condition. MRI was performed using the General Electric Signa 1.5 Tesla imager (GE Corporation, Milwaukee, Wisconsin) or the Toshiba medical MRT 0.5 Tesla imager (Toshiba Corporation, Tokyo, Japan). Sagittal and axial T1-and T2-weighted images were taken. The following were noted from the T1-weighted mid-sagittal scan: 1) the position of the syrinx on the initial scan; 2) the position at which the ratio of the width of the syrinx to the width of the cord (S/C ratio) was maximal; 3) changes in the S/C ratio during the followup period at the position found in (2); and 4) changes in the distance between the inferior border of the foramen magnum and the inferior aspect of the cerebellar tonsils (Fig. 1) .
The patients were divided into two groups: a reduction group (group R) showing a decrease of the S/C ratio on the final MRI of more than 50% compared with the initial scan and an unchanged group (group U). There were no patients in whom the S/C ratio increased on the final MR scan. Changes in neurological symptoms or the magnitude of the lateral curvature were observed in each group. The latter was measured on plain radiographs taken with the patient standing.
All statistical analyses were performed using Student's ttest or the paired t-test. Significance was determined at p < 0.05.
Results
The mean age at initial MRI was 10.9 ± 3.4 years and at final MRI 15.8 ± 4.3 years. The mean number of MR scans performed was 4.8 (2 to 10). 
MRI findings
The position of the syrinx at the initial MRI. Syrinxes were found most often at the lower cervical and upper thoracic level: C5 (25 patients), C6 (26 patients), C7 (25 patients) and T1 (20 patients). Some patients had syrinxes in the middle or lower thoracic level, and holocord syringomyelia was seen in four patients. The position at which the S/C ratio was maximal. This was at C6 (17 patients), the highest frequency, and at C5 and C7 in four patients each. Changes in the S/C ratio during the follow-up period at the position found in (2) . The mean S/C ratio on the initial MRI was 0.49 ± 0.22 and on the final MRI 0.24 ± 0.26. Of the 27 patients, 14 were in group R in which the S/C ratio decreased from 0.48 ± 0.22 to 0.06 ± 0.09 (p < 0.01). The syrinx disappeared in nine of these patients. The other 13 were in group U in which the S/C ratio varied from 0.50 ± 0.23 to 0.43 ± 0.25 (p = 0.07). The age at the initial MRI in group R was 10.1 ± 3.4 years and at the final MRI 15.3 ± 3.8 years. In group U, it was 11.7 ± 3.4 years and 16.4 ± 4.8 years, respectively. There were no significant differences between groups R and U in age at the initial and final MRI (p = 0.25, p = 0.52). At the initial MRI examination there were six patients with a Risser sign of 4 or 5, i.e., bony maturity. Of these, only one showed a reduction of the syrinx during the period of follow-up. But by contrast, of the patients who were Risser 0 at initial MRI, seven were observed to be Risser 4 or 5, and five of these showed a reduction of the syrinx.
Changes in the distance between the inferior border of the foramen magnum and the inferior end of the cerebellar tonsils.
The inferior end of the cerebellar tonsils was located at a mean of 9.7 ± 6.0 mm from the inferior border of the foramen magnum on initial MRI. At the final MRI it was a mean of 6.5 ± 5.3 mm (p < 0.01). In group R, it moved upwards from 11.3 ± 6.1 mm to 6.0 ± 5.1 mm (p < 0.01), while, in group U, no significant difference was observed (8.0 ± 5.6 mm to 7.1 ± 5.7 mm, p = 0.07). Neurological symptoms. Seven patients had subjective symptoms at their initial MRI. These included headache in six, back pain in two and unilateral hypohidrosis in one. Dissociated sensory disturbances, localised mainly to one side of the trunk, were observed in 26. Two had motor weakness, in the right hand in one and in the left leg in the other. Hyper-reflexia in the legs was found in 14 patients. Unilateral or bilateral disappearance of the superficial abdominal reflex was observed in all patients. During the period of follow-up, dissociated sensory disturbance improved in nine of 13 patients in group R and in two of 13 in group U. None showed improvement in motor weakness or abnormal reflexes. Scoliosis. The mean lateral curvature at initial MRI was 27.2 ± 10.3° and at the final assessment it was 29.7 ± 17.6°, with no significant difference between groups (p = 0.36). In group R, it varied from 27.0 ± 9.0° to 27.6 ± 17.0°, and in group U from 27.4 ± 11.9° to 32.0 ± 18.7°. There was no significant difference between the mean lateral curvatures at initial and final MRI in either group (p = 0.90, p = 0.12, respectively). There was no significant difference between groups either at initial or at final MRI (p = 0.92, p = 0.52, respectively). Five patients in group R, and one in group U, showed improvement of the lateral curvature of more than 5° during the follow-up period. Four of the five patients in group R showed a decrease of more than 10° (Fig. 2) . Four patients in group R and four in group U showed an increase in the lateral curvature of more than 5°. An increase of more than 10° was observed in four patients in group R, and two in group U (Fig. 3 ).
Discussion
As a result of the recent widespread use of MRI, syringomyelia has been identified in patients who had previously been diagnosed, and treated as having, idiopathic scoliosis. Arai patient, and deterioration of the neurological symptoms was seen in four. Changes in the syrinx in these 13 patients, however, were not noted. Jack et al, 6 Santoro et al 7 and
Avellino et al 8 have described patients in whom syrinxes have reduced or disappeared spontaneously, but none of these patients developed scoliosis. The patient described by Jack et al 6 showed improvement in sensory disturbance, the deep tendon reflex and superficial abdominal reflexes. The two patients described by Santoro et al 7 showed no changes in neurological symptoms. The patient described by Avellino et al 8 had no neurological deficit. Patients have been reported in whom the syrinx has resolved after surgical treatment, usually using a foramen magnum decompression or a shunt procedure. Charry et al 12 reported that five of 14 patients showed some improvement in neurological symptoms after operation. Similarly, 28 of 30 patients described by Park et al, 13 In our study the syrinx reduced spontaneously in 14 patients and six showed improvement in their scoliosis of more than 5° whereas in group U only one patient showed improvement. Our data support the hypothesis that reduction of the syrinx is associated with an improvement in the lateral curvature. Nevertheless, the scoliosis deteriorated in four patients in group R.
Several theories have been proposed to explain the occurrence of a Chiari-I malformation and the development of syringomyelia. Milhorat et al 9 suggested that a small posterior cranial fossa causes hindbrain overcrowding and tonsillar herniation. A number of investigators [18] [19] [20] consider that influx of CSF into the cord parenchyma due to obstruction of the foramen magnum by tonsillar herniation forms the syrinx. In our study, group R showed a significant elevation of the cerebellar tonsils during follow-up. Restoration of the flow of CSF accompanied by elevation of the tonsils may have contributed to the reduction in the syrinx. Why does the improvement of tonsillar herniation occur? We used Risser's sign as an index of bony maturity. In patients with bony maturity, only one showed reduction of the syrinx. We suggest that the growth of bony structures can increase the volume of the posterior cranial fossa. Our results, like other reports for patients after surgery, show that reduction of the syrinx does not always correspond to improvement in scoliosis or neurological symptoms. This may be due to the time lag between a number of factors such as restoration of the flow of CSF, reduction of the syrinx, recovery of the nerve cells or nerve fibres and correction of scoliosis due to improved muscle balance. In this regard, whether the nerve cells have or have not already suffered irreversible damage may be important.
To clarify the indications for surgery in syringomyelia it will be necessary to study a larger number of patients over a longer time.
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